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VVITHIN-NKST BEHAVIOUR IN A EUSOC1AU AUSTRALIAN 
AUUODAPINE BEE EXONEVRA (EXON FAR ELIA) 
TRIIJENTATA HOUSTON (AIMDAK: XYLOCOIMNAE) 
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Summary 


Sill n. /. cV Si'ilWAl'/. M. !' i IMVfiN) Witlilti IIC-I bclijvu.ur ill ;i I'llMiciul \wsli jIkiii .lilt III J|1I IK her 
\h yoHturrlhi) IrrdnVotu Houston 1 Vpklae: XyLoeoptuuc), 7 hutx A\ So,. S \ti\i 122(2), 55-U3, May, I'W. 

Mnderslariding »hc processes involved in the evolution of .social behaviour ha*- become of the most 
challenging areas ol modem biology Since bees and wasps cxliihil a \aricis of Mieijl organisations they are 
particularly useful for aildivsviiijt.' social evolutionary questions. Mlodupwe hces are especially useful loi 
examining social evolution. since species display vary ing forms ol social otgumsniion from solitary to tHuucinl. 
I bis study examines within ne.sl bchuvioilf ol Iaihuihu i l AOHrnivlitf) IritJrnltjfti . a native An Mi alum allodapine 
inv. This speries has ihr latest known colony sj/cs ol any allodapine bee and exhibits sinking size variation 
among female intimates suggesting that sociality may be regarded as highly eusoeial. Mere we assemble a 
behavioural catalogue lor lifts species and show dial although many hehuviotirs are similar to those recorded lor 
other a) IdUapi lies, this species differs l\v the market! presence of own aggression displayed in l he lorm of biting 
Uvt illy agonist 1C behaviours have not been recorded di other Ansfiiilian allotlapines and have been recorded 
only iairly m otlu*r allodapine hmna, fwnwiim friilwtUtltt appears inditin' from olhei highly eusoeial species 
where there is usually link* or no aggression but instead 'gentle despotism". 

ki v Woros. /.vow wit tridrnitmt. social behaviour, illodnpine bees, aggression 


I lit i nduction 

Ibc allmlitpinc bees provide opportunities for 
coinpurutivc approaches to the evolution of social 
behaviour because ol the wide range of social 
organisation within <nui between species and genera 
One small and endemic Australian submenus 
/ r itnt'tuvlhi _ contains lours species that range from 
the predominantly solitary l\xoni*nfu Ufw'.wni 
kav incut (M idle net* 1005) to the eusoeial f . 
IricInilaUi (Houslon 107V; Huts! & Schwarz HW>). 

In most comparative studies of insect social 
evolution (here is an implicit assumption that 
small colony size is associated vvilh flexible and 
behavioural!}' mediated reproductive skew. the 
maintenance ol dominance hierarchies via physical 
agonism is considered a pmntlive trail (Wilson 
1071 1 C'orrespo tiding I y, large colony sizes with 
strong, reproductive skew and non-agonisiieally 
mamlJiihed hicrmebics atv usually regarded as more 
ilenveil trail*. Wilson (1071) suggested that less 
sophist tea led forms ot social organisation would 
Involve physical mechanisms ol control Midi as 
aggression within a colony but that this is replaced by 
"gentle despotism" in more advanced forms of 
sociality. Ii is also generally assumed that a high 
level of behavioural spe. ialisalion is a more derived 
Iran and I hat this can lead In higher levels ol'colony 
efficiency (.leallfic |0Nn>. However, the idea llial 
ililletcirl forms of social organisalion can be 
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arranged in a sequence of 'primitive h> advanced 
has been questioned (Kukuk l x Wv) bul lew studies 
have explicitly investigated whefhet primitive' oi 
’advanced' forms of sociality within taxa correspond 
to hasal or disutl positions vvilhin phylogenetic trees, 
t\\<ou tmi Irutenlula is ail Australian allodapine bee 
lhal lives m semi-arid environments. 11ns species has 
the largest known colony sues ol any allodapine bee 
and exhibits morphological differentiation between 
putative wtstes (Houston 1077. Hursl & Schwarz 
1006), Much of the information about .social 
organisation has been inferred from dissect ton of 
nest occupants and brief observations of females 
outside of their nests (Houston 1077; I hirst 
Unpub.) It is Mi spec led that ibis species exhibits 
caste differentiation' where large females 
(lamed Majors') are queen-like and smaller 
females (.'Minors') acl as workers within the 
colonies 1 .Houston 1077- Horst 1006) However, 
withm-ncst behavioural Mudies have not been carried 
out to assess whrthci these iwo morphs realty are 
bcliaviourally distinct. Colony si/c and the associalion 
between morphology and repnxluclivc Mains suggest 
lhal this species more closely approaches Lhe highly 
eusoeial loi m of organisation characteristic o I apt fie. 
mcliponine and highly eusoeial halictinc bees. 1 Iran 
any other allodapine bee. 

this study investigated wiihln-tiexl beluoioui in 
observation colonics of /. triiknttihi. A lepcilouv ol 
behaviours is presenled fiere in the form of a 
behavioural catalogue and compared with other 
behavioural studies ol allodapilies. Ihcsc data Will 
also he used for specific analysis ol behavioural 
specialisation which will appear in a future series of 
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publications. In addition, the idea that iTTOrphological 
caste differentiation and largo colony m/o arc 
associated with low levels ol agonism in colon) 
integration is discussed in relation lo the social 
ot nan i sal ion ol /•,. trklvnuua 

Materials and Methods 

Study *o7c,v 

fiumeitru Irulcnlatu nests were collected from 
l ake Gillcs Conservation Park (136 48' M. 32 34' Si 
located in I ho north east of My tv Peninsula. South 
Australia In this area, iriclrniam hosts were prin¬ 
cipally in disused heclle burrows excavated in Acrna/ 
jviftynnarfm Bcnth (Western Myall) and Huhclrytw 
ulcinfciliunt (Dcsf-F (Bullock Bush). Dead branches 
ol both tree species were examined lor nest 
entrances i.e. the exit holes made by the original 
beetle occupants Intact Colonies were collected 
during February ISPJ5. Field collection of nests 
took place when temporal arcs wore cool (12 C-20 
Cl. to ensure dial all occupants weic present. 
Once an entrance hole was located the branch was 
removed, entrances were blocked with tissue paper, 
the branch was placed in a waterproof bag and 
sioied m an insulated container with ice lor 
transport fo Minders University 

At Flinders University the nests were stored in a 
constant temperature room at appioxlnuilelv Ml ( 
Idr processing. Nests were opened using a knife 
and all nest occupants, including brood and nest 
contents such as pollen, were transferred lo a Petri 
dish. Adults were individually marked using 
l|umbro| fM and Tcslors ,M enamel paints applied lo 
die thorax and metasnmn, Bee colonies were then 
I rails I erred to artificial observation nests 

Artificial nests were similar in design lo those 
described by Schwarz .V Overboil < 1043) but were 
made ol pine Wood in si end ol balsa. Mach nest 
consisted of a rectangular piece ol untreated pine 
wood 210 \ 20 x 15 nun. A groove was gouged into 
one longitudinal luce (5 him diam x 2110 mm length i 
The groove vvus smoothed out with a meral rod to 
remove any splinters ol wood A piece ol glass. 210 
\ 2o mm, was placed flush against the groove and 
secured at bolh ends with insulation tape. A black 
cardboard cover was placed ovci Ihe glass lo exclude 
light between observation periods. 

< )bserviition nests were set up on stihhori/onial trass 
in a shade bouse m Minders University*One end of the 
shade house was open so that bees could forage 
hecly outside, Ncsi enhances faced the open end ol 
Hie shade house. A maximum of lour nests was 
placed on each Iray with approximately 13 cm 
between each nest. Observation nests were firsl 
placed in the shade house at dusk 5-6 days aliei 
collection and opening This elisuicd that the bees 


had approximately 12 hours in the artificial nest to 
allow their odours to permeate Ihe nesl before it was 
possible for them to leave (the next morning). Sticks 
were haphazardly placed near nests to act as vi.slial 
cues for returning bees, 

[It'httviauml ohwn'tttftnts 

Ohce observation nests were set up bees were 
allowed lo adjust to then new environment for one 
week before observations began. Data collection 
involved 'scan' and local* sampling, techniques 

1 Alt man b>74). Scan sampling involved recording 
Ihe position ol each individual in the observation 
nesl. using a 5 mm scale along the glass and was 
conducted immediately before and after focal 
sampling. This was done to determine whether 
certain bees were spending more lime than others in 
certain areas of Ihe nesl. lor example, near Ihe 
entrance or near the brood. Focal sampling involved 

2 min observations of each bee in a nesl. Nests and 
individuals were randomly selected each day lor 
order ol obsci vat ions. A head baud magnifim (\ 5,2 
magnification) was used lo observe Ihe behaviour ‘>1 
individuals. All heliaviours pet formed in a 2 min 
period lor each individual were recorded into a 
voice operated icornier Observations were trim 
scribed on to data sheets at a later date t hese 
behavioural data were used to construe! the bchuv 
totiral catalogue and later to examine behavioural 
specialisation. 

Behavioural observations took place in the after¬ 
noon. (I 4)0-1700 h), when temperatures were > 20 
C and bees were active In total, 10 nests were 
observed with up to four nests being observed in any 
one session, fable I provides information about 
which nests were observed, when they were observed 
and how many minutes ol observation each bee per 
nest tcccivcd. In addition, the numbers of bees that 
weic present for the initial and final observation 
pel ind> ate given. 


Results 

J lal HX'Sl V 

The contents of ncst> collected in February ld“x 
are summarised m Table 2 During these sampling 
periods, colonies used for behaviour.il observations 
were rearing brood. In early February colonies 
contained brood of all developmental stages, i.e. 
eggs, larvae, prepupae and pupae. By late Febiu.uy 
female bees in Ihe colonies had ablins! reused egg 
laying and brood mostly comprised larvae, prepupac 
and pupae, There was a great deal ol variation in the 
number ol adult females present in a next, ranging 
from I-18 (Fig I 
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T.A.BL.H I. Details for nests oj Hxoncuru iridentatu observed in this study. 


Nest 

First 

observations 

Last 

observations 

Total number 
of 

observation 
periods per nest 

Total minutes 
of 

observation 
per bee per nest 

Initial no. of 
Individuals 

Final no. of 
Individuals 

1 

7 Mar 

14 Apr. 

15 

30 

8 

5 a 

6 

7 Mar. 

14 Apr. 

15 

30 

9 


6 

7 Mar. 

14 Apr 

15 

30 

6 

I2 b 

12 

7 Mar. 

14 Apr. 

15 

30 

13 

15 b 

5 

5 Apr. 

4 May 

16 

38 

5 

5 

4 

5 Apr 

4 May 

19 

38 

4 

5 b 

20 

5 Apr 

4 May 

16 

38 

4 

5 C 

30 

26 Apr. 

16 May 

20 

40 

6 

5 ;l 

43 

26 Apr. 

16 May 

20 

40 

3 

4 b 

5b 

26 Apr. 

16 May 

20 

40 

4 

•4 


Decreases in the number of indivduals were probably due to death whilst foraging or dispersal to other nests 3. Increases 
were due to the addition of newly eelosed bees b , or intruders which swapped nests c . 


Taiji.I: 2. Summary of nest contents for colonies of Exoneura irklentala collet ted in lehnntrv fVVSfnnn Lake (idles, 
South Australia. 


Nesl contents 

Mean value (±S.E.) 
for early February 
(N-24) 

Mean value ( ±S.E.) 
for late February 
(N— 13) 

Eggs 

l r 21 (0.57) 

0.08 (0.08) 

Larvae 

1.75 (0.65) 

0.62 (0.27) 

Etc pupae 

0.67 (0 28) 

0.51 (0.15) 

I'tipae 

2.-12 (0,72) 

2.25 (0.70) 

Majors 

1.17 (0.16) 

1.25 (0.54) 

Minors 

4.17 (0.85) 

4.58(1,50) 

Males 

0.55 (0.15) 

0.58 (0.21) 
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inactive when they were motionless. tiumviint 
inth ninta spent ii large amount of time inactive 
Since inactivity can occur within ami between 
behavioural sequences il is di I lieu 11 to show 
numerically the amount ol time spent inactive 
because id the way the daia were collected 
Genet ally, though, the bees were more active when 
lcmpvralures were >20 C and/or when a forager 
returned. 

si I | BROOMING 

"Grooming" was observed Irajiteiilly. and included 
anv activity where die hotly surface was cleaned 
Sequences lor cleaning di Herein ureas ol the body 
w\ v i*0 similar to those reported for firmmsu^is lu'Wilri 
l a ;nnuron arid Cvmtina spp., (Maeta vt til. 1092). The 
most common sequences were: (a) head cleaned h\ 
initially wiping n foreleg with the proboscis then 
lorclcg used io wipe the length ol ihe antennae, 
beginning ai die base: foreleg again wiped With the 
proboscis, lot lowed by the wiping ol the head 
willi the forelegs, (h) the metasnmu was cleaned by 
using die llbial spins on the hindlegs to set ape nil 
Jusl/pollcn, (e) the thorax was cleaned with the mid 
legs (the metasonut and the thorax were often 
gloomed at the same lime with Ihe different legs), (d) 
ihe wing surfaces were groomed by drugging ihe 
wings under die melasoma with the hind legs, 
wiping them between the metasoma and hind legs, 
and then flicking (hem back into position, 
(booming did not occur as one long uniiUemipted 
sequence as has been observed lot R hvwilii 
(Maeta vt al 199?) Grooming could be brief or 
Iasi for the whole 2 min observation period 

Sl Kill I KOPY Vic>\ i.Mi N i s 

This was intermittent behaviour, which was niton 
obsetvrd during long bouts ol inactivity, and behav¬ 
iour comprised slight movements of head, body or 

legs, which did not involve any other type ol behav¬ 
iour 

IKJWM | J\*(t 

" I ravelling" involved moving forwards or backwards 
up or down the nest for 1-20 cm Bees dial were 
(ravelling were usually very active but die travelling 
speed vaued. Travelling forward often resulted in a 
bee coming into contact with others and was usually 
followed by "passing" (see below) 

TURNING 

"Turning" was used to describe a change of 
direction in the nest. Turning involved curling the 
body and somersaulting, resulting in the bee facing 
the opposite direction. Both Majors and Minors 
appeared io turn with equal ease. This behaviour 
occurred anywhere in the nesr. unlike that in 


Centlbut spp. which have a turning burrow 
enlargement near the nest entrance (Maeta et al 
1992). Turning often occurred as pari of a sequence of 
behaviours during interactions between individuals, 
i.e. it could occur during sequences which involved 
"nudging" "passing" or "avoidance" (see below). II a 
bee appioachcd but avoided another bee. il might 
either "travel" up to the bee, and then back away or il 
might "turn" and "travel" in the opposite diivctiun. 

NMTAK PI HYDRATION 

Individuals were observed flexing anti bending ihi* 
proboscis anil although droplets of ncviai could not 
be seen with al the magnifications used, ii was 
assumed that they were dehydrating nectar as has 
been observed in other allodapines after (ceding 
(Michener 1972; Maeta vtctf 199?) Some bees slow 
Is fully extended and tetiacted the whole pro 
hoscis without bending it- The proboscis was 
extended and held out lor about 20 sec then 
redacted before being extended again Some 
individuals spent the whole two min observation 
peiiod performing this behaviour. 

NI SI abstntitism 

When individuals were regularly absent from the 
nest it was assumed that they were foraging. 
However, il they were absent lor more than 5 obser 
vation sessions ill a row. it was assumed that they 
were eilhei dead or had dispersed. Absenteeism (or 
foraging activity) was only observed when temper¬ 
atures were > 25 C. boragers were identified when 
they were seen returning to the nest. I ipah return¬ 
ing, loragers usually worked their way down 
Ihe nest passing and interacting with other itnli- 
Ntdiials. often having ' buccal contact g w'ith othoi 
individuals, presumably providing them with nec¬ 
tar (sec iilLer-adlill behaviours). Often such a 
bee Would then leave I he nesl again and rciiun 
later. boragers were not observed feeding fir 
vac. 

Ni si Maintenance Behaviours 
m vtlHINCI 

A bee was recorded as guarding" when il occupied 
Ihe position closest to the nest entrance with its body 
oriented so that its head was facing away from the 
entrance. Such a position allows the melasoma to 
block the nest entrance from intruders, as recorded 
for other allodapitie bees H heW'ini (Maeia vt til 
1992), fi misfit (Batra vt of. 1992) and t. r him/nr 
(Mclha & Schwarz 1993). Hclring guarding the bee 
was inactive either on its hack or standing upright, II 
a bee was closest to and facing Ihe nest entrance, it 
was not recorded as guarding, since bees in this 
position would often be m the process ol leaving 
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lIn? nesi. Minors wore often seen guarding and in 
some posts, Majors, particularly egg layers, were not 
seen to guard ill all. 

Guarding did not always occur near the nesi 
cimaiuc, In some nests the 'guard was stationer 
'/4-•/.* i>l the way down the nest bu| was the bee 
closest lo Ibe nest cnlranec. These guards were 
sometimes seen in 'patrol' the nest from dial section 
up to the entrance. This involved I lie bee rapidly 
"travelling" forward, whilst rapidly untcnnaiing 
("inspecting") the nesi lumen before lelummg lo Ihe 
guard position In some nests it also appeared ihal 
two individuals would guard alternately or one in 
Iron! ol the other Although there were limes when 
More than one individual was seen m the guard 
position, there were individuals who never 
'’guarded". During the study, no othci invcitebtaies 
were observed entering the nests. Since there was no 
interfere'nee from other invertebrate predators in t|v 
captive situation, guarding ill this study may not 
refleet natural behaviour of this species. 

INSPI-C l INI i 

I his behaviour involved ji bee alternalelv anten- 
uutlflg objects. for example Ihe nest wall or 
brood kggs were frequently anlenuatetl in this 
wav. Sometimes bees travelled up and down the 
nest inspecting the lumen wall During this Ivhav 
tour bees moved their heads slightly and rapidly 
moved antennae. 

WUVINCi hi uris 

Debris in the nest was moved by passing it under 
the body with the forelegs to the hind legs then 
pushing backwards with the hind legs or melasoma 
This behaviour wav rare (approx of the 

observation time), since ihe nests were tn hard 
fine-grained wood w rich required little main¬ 
tenance. Debris obsetved in the nest included 
exuviae and. occasionally, dead individuals 
"Moving debris" was not usuall\ observed unless 
temperatures were > t\ 

Im I I M- u>t I I Oi l lAVIOl RS 
\V< )l| 1 AN 1 T. 

Avoidance", a combination of other behaviours, 
involved one individual travelling towards another 
individual and "aiiieiitiaiing" enliei the melasoma 
oi lace of dial individual and then suddenly backing 
away am mining and imvelhug in the opposite 
direction. 

AN IPNNAJ UlMAl l 

"Antennal contact" accompanied most imer-nduh 
behaviours. When an individual came m to contact 
vvtilt another individual it either "aiuenmtled" ihe 


VI 

others melasoma 01 face. II individuals were lace 
to-face the two individuals lapped each othci s 
antennae 

Passim; 

"Passing" is the exchange of positions by nesi 
mates. Passing occurred when individuals were 
either facing each other or the "passer" was facing 
the melasoma of the individual she intended to pass. 
In each case, individuals oriented themselves veil 
IcMo-ventcr, essentially walking over each other. A 
pass was either simple or complex. "Simple pass¬ 
ing" involved the smooth exchange ol posit ions, 
with individuals usually llattening their bodies 
against the nest wall. "Complex passing” involved 
one individual hi ling, at annthet individual's body 
parts., and/or struggling and grasping each other 
with the legs. Kiiher one or both individuals would 
bite Sometimes one individual would bile the othei 
on the ventral sick* between ihe melasoma and the 
thorax, near the articulation between the trochanter 
and the thorax. Passing sometimes involved brie! 
"buccal contact" between the two individuals, 
although it Was often difficult to determine clearly 
whether buccal contact had actually occurred. It 
was not always easy to distinguish between the 
passer and the "passed", except when one was 
initially stationary and another Was travelling 

mi ice A I- on m ac i 

Individuals were often observed to touch each 
others open mandibles with their own open 
mandibles; this was lermed "buccal contact". When 
individuals vveie involved in such interactions, one 
individual was standing upright and the other was 
positioned upside down. Individuals also engaged in 
brief buccal emit act during passing. During 
approximately 5W of buccal contact interactions, 
nectar flow between ihe mouth parts ol individuals 
was observed and individuals were observed placing 
then proboscis between the mandibles of another 
individual. Proffering of globules of nectar (Melna <V 
Sell war/. JW3). was not observed in /:. Irfih'nlula. 

Nl |»ulNt! 

"Nudging" involved one individual using ils face 
to nudge or bull the melasoma or face ol another 
individual. The bee that "nudged" was usually 
upright Nudging usually resulted in one of ihe 
following: 

•a) The nudged individual turned anti Ihe midget 
retreated, which .somelimes involved (lie nudged 
bee opening ils mandibles. 

h) If muIgcd from behind, the bee being nudged 
would sometimes position ils antennae laterally 
(out lo the side),, then it nudged again it might open 
ils mandibles This eventually resulted in the bee 
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turning, investigating the "nudger'f ami lhen simple 
ot complex passing and/or buccal contact, 
c) The nudged or ihe nudger passing and "biting** 
ouch other. 

MAN! >1 Bill.ATINC. 

Mandibulating, i.e. I lie opening and closing of the 
mandibles not associated with earing, appeared In 
occin before biting encounters. In some cases it 
appeared thni mnndihululing was a signal lhal one 
individual was rejecting an approach from another 
individual, lor example ’A' approached 'B\ 'A' 
nudged 'B\ IV then opened mandibles, 'A' (hen 
retreated. '’Biting” encounters sometimes followed. 
Similarly, if an individual was nudged from behind 
it sometimes opened its mandibles and/or turned and 
faced the nudger often opening the mandibles again 
In addition, flattening ol'llie anieiiiiae lateralis often 
occurred during mandibulating. This some limes 
occurred when individuals came face to face or if 
one was nudged from behind. 

BITING 

In this study aggressive encounters were observed 
lor A. rrhli'nitUti. These involved biting of 
mandibles, anicinuu . neck, legs, the ventral side of 
the thorax., around Ihe coxae anti metusoma. Often 
when one individual tried to escape from such an 
encounter the other bee would pull it back using its 
forelegs. "Biting" encounters were often complex, 
l or example. A used Us lace to nudge TVs face. 
Then one or both bees opened Ihe mandibles and a 
complicated pass followed. Whilst Ihe bees were 
venter 10 venter and struggling iholding each other 
with legs) oi)e would hue the other on the ventral 
side ol the thorax. Alter a struggle, (lu bitten bee 
was often observed on its back while the bilci held 
the othet bee's antennae in ils mandibles, in a "lug 
of. war" encounter. This tug-of-war could last Ini 
| 0 JO sec. Pol lowing a tug-ol -wm encounter the 
individual which hud initiated the pass (tin bitten) 
sometimes attempted In pass again and open a 
simple pass would follow. 

Aim I I BKoOD IN I I,KArt'll ins 
i \/\V1INM ION i M IIKOOIJ 

I rumination of brood was accomplished with the 
anlomae, and. !o a lesser extent the month pans 
(opening and closing mandibles Oft die blood) 
Individuals lapped pupae, larvae or eggs, with each 
antenna 

\\ IVIINO nut Ml!) 

Brood wore sometimes nudged before they were 
moved Itns bcliuvinui did not result. however n» 
thi brood upprevtaMy changing position 


MOVING brood 

Older brood (late mslar larvae, prepupae and 
pupae) were usually moved in a way similar to the 
way debris was moved in the nest. In /.. irulentaut. 
similar to h. himloj (P_ S. Hurst pers. comm 1995). 
the bee initially held the brood with (he fore tarsi 
then passed them under the body and pushed them 
backwards using the hind legs. Repositioning ol 
brood occurred often within the nests ol/*. trulvnutla. 
Sometimes a bee would move each pupa until it 
reached the end ol the nest, then d would move tlicth 
all back again: seconds later another individual 
sometimes did the same thing. Some Minors which 
consistently stayed near the brood were often 
observed performing this behaviour, In addition, 
bees sometimes simply handled the pupae with ihe 
lore legs hut did not actually reposition them. 

brooming nuooh 

Bees occasionally extended the proboscis to the 
brood or bit gently at the brood with theii 
mandibles such behaviour was categorised as 
"grooming brood”. This behaviour was rarels 
observed. Grooming may have occurred during 
moving or with handling hut it was difficult In 
observe ihe liner movements of such behaviour 
because ol the speed of movement of the proboscis 
and the limited magnification. 

OYI KMT ION 

When "Ovipositing", the female oriented hersell so 
that the head pointed towards the nest entrance 
I Hiring egg laying bees were observed in one of thicc 
positions; ventral surface lacing upwards, dorsal 
sin lace facing upwards and lateral surface lacing 
upwards. Prior to and during "Oviposiiion" Ihe sting 
was extended Once an egg had been deposited on 
the floor of the nest, the bee retracted the sting 
Approximately I o min passed he lore the lomulc 
turned amund and inspected the egg with the antennae. 

Oviposiiion occurred close to the nest end (0 5 
mini and was observed for 4 Majors and I Minor 
separate colonies) Individuals look approximately 
5 o mm to discharge an egg. However one Major 
took ix min to lay an egg. 

Discussion 

iVeliavloui has previously been studied in detail lor 
/>. Iwwitii (Maeta it til. 1992). A. nti.Uit, t(. knlluyi 
(liana it dl I99H, el/Wo/v iVoAmm iStrand) 
(Mason I9XX) and / birnhu • tVleliT.i # Scluvurv 
1993). £\onettnt liufcnhitu generally spend a huge 
amount of lime inactive, similar !o«>lhei bees fMaeAi 
t*( til 199T Balm t'l til (991) Acltvily tended to be 
gieaicr on ilavs when Ihe temperatures were above 
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2i S C . Simifuily when the temperature was wanner 
bees tended to forage more and. especially after 
return of it forager to the nest, general activity 
appeared to increase 

l.xorntn* iri/Unfrihi was.mil observed to exhibit 
the types *»f ucM maintenance behaviours found in 
oilier allodupitiev. probably due to (he hard nature of 
the nest substrate Most allodnpines excavate then 
own nests in pithy subsume material, whereas A- 
htilcnlulU do mil. Although observation nests 
provided no opportunity lor nest walls tu decay 
dm mg. the course of the study, natural nests arc 
also unlikely to tec|Uirc icpmis to the nest wall or 
entrance, since Lbey also ocelli in line grained wood 
lilts coiltruKis with /’. hit trior wliicb performs 
various nest maintenance activities such as 
clearing and lumping (removing loose material 
from ilia nes! wall and shaping nesi lumen)* 
ex tending the nest lumen (excavating rear of'the 
burrow), collar construction (tamping Wan id into a 
collar near nest enlranee) and removing debris 
(wood strands t Lwmuro Iritlcmntu may exhibit 
nest maintenance Mctivtiesto a grentci degree when 
new pests arc founded and there is a need to remove 
liass left behind by beetle larvae, 

I’his study is the firs! lo describe egg laving in an 
L\onvuni species. f.gg laying was only observed 
during the day. although n may al.su have occurred 
wit night ("hscFWions were only made during ihc 
day) I go laying was similar lo that described h»r fi 
mufti I Bairn vr ol. l9‘M>,ii>d /> hcwilii (Maeta ri (//. 
1992). However, two ul the three A, uittmoohi 
majors lhai were observed ovipositing were rarely or 
ncvei seen guarding. I he thud major was seen lo 
guard bill she was usually 5 cm from the basv ol I he 
nest and nut near the enlranee. This di flerx Irom H. 
Ju'ivitti (Macia vt ul. I992 ) and 1. hiiohn 
(Hugendnnrn Ac Schwarz IWK: Hull »7 at. in picss) 
where reproductive dominants arc guards Rge 
laying in this species appears to be a very slow 
process compared will othei bees (58 sec. fi. ht \\ii 
li) (Maeta it ol 1992). in lemh of both the time 
Inken lo deposit an egg ami the frequency ol egg 
laying. One female, in particular, spoiu AS min 
depositing an egg which may have been related to 
the fact that the temperature was low dial day i< 
20 ( ). and bees were genet ally less active al 
lower temperatures However, these observations 
did not cover the period of maximal egg production 
and should lie healed Vvilh caution. 

Aggicssive Oeltavioi i has not been reported lor 
other allodapine bees except lurch between ti 
inlxlu ami its social parasite ti. hiliuuo (Bulta cl ol 
IW| and infrequently for A. cxolomo and li. fmtwUi 
(Mason IVS«s). file agonistic behaviour described 
lot these species mainly consisted of nudging, lining 
ol legs and birdies arid hloekmg passage, hut also 
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mduded slinging (Balia cl a/. 1993. Mason 198K). 
Agomstie behaviour between a host and its parasite 
is riot uncommon and often results in either host oi 
parasite being removed from Ihc nest < Barra cl ul. 
1993) Aggressive interactions are also found in 
social species of the bee lobes Huljelini and 
Xy tropini (Breed rt ill. 107K; Michener 1990). 
However. /2. (ridclUoto Wits often observed m 
engage in aggressive encounters which involved a 
great deal of biting and struggling, with some 
encounter* becoming quite savage. Such encounters 
were otien preceded by nudging and I ol lowed by 
passing Ihc mandibuiating that occurred some 
limes, either prior lo or in response lo nudging and 
biting, might also he aggressive in nature l ane A 
Michener (1985) found that some IaiOicuiv spp. 
produce irritants which elicit vigorous grooming 
responses in predatory unis. Batra c7 ul, \ 1993) 
described mandibuiating during aggiessiou 
between ti wiuo and its social parasite ti. kahuna 
and suggested dial mandibular veeiviioiis were 
involved, li may Ihcivtore be suggested dial when / 
rrnfnihnu mundibulatc ul each other, they also 
release chemical secretions which may be agonistic 
or relay inhumation about dominance status. 

The-ngonistie behav iours iihserved m /.. iridcninut 
suggest dial dommmKe hierarchies may he ptesenl 
within colonies ll appears that some Individuals 
engage m certain types of behaviour which could In 
interpreted as assertion of dominance Bees that are 
often nudged or bitten and those that exhibit avoidance 
behaviour may have more subordinate toles in lln* 
nest. Differences in die way individuals respond lo 
edict individuals in terms ol these behaviours may 
tv ieluted to dominance li e when some individuals 
arc nudged they engage in a simple pass. whereas 
when other individuals are nudged and/or bit ten they 
engage in a complicated pass). Brothers A: Michener 
tlv74l found that ’queens’ ol l.osu^towitm 
zcphvnwi were the maximal midgers in die colony 
They suggested that nudging belravioih indicates 
dominance similar to dial observed in other priiiii- 
lively ensueial wasps and bees Bfothers A 
Miehcnei (1974) experimentally showed, for / 
ze />/tv mm. that nudging by die queen plays a role in 
the division Of labour among the workers by inhibiting* 
ovariau developllrent, 

During this study guarding behaviour \va> not the 
same as that observed in field studies ol /: fridenUihi, 
i.e. with die abdomen curled and used m block die 
entrance from predators such as ants i Hurst unpuh.) 
This may he relaic<l to the fact that there was no 
predation pressure in die shade house environ men l 
unlike studies on /.. hicotoi conducted in .shade 
houses where ants were a problem <Rult 1 ;Iluist-) 
However, females llial were guarding Weo* always 
facing the bottom ol the nest which suggests that 
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they were in a position 10 block the nest il die need 
arose. 

Tfophrtllaxls is altruistic behaviour, foragers 
engage m energetically cosily and risky behaviour to 
ohi.iin InoJ which they relinquish to tubers. 
Irophallaxis is important in Ihc social organisation 
ol many social insects (Wilson 1971). In allodaplnes 
there may be differences fn lhe way in which 
Irophallaxis is performed. Fwpvanl bipolar have 
been observed in engage in solicitation behaviour 
before Irophallaxis occurs (Melinite Schwarz 199}), 
Solicitation involved individuals rapidly stroking 
each othei s ante unite prior to buccal contact 
Irophallaxis in (i, biculot can also involve one 
mdividmtl proffering a globule of liquid to another 
(Melna te. Schwarz 1993 ). Proffering of globules 
was not observed in /.. Irulrnluiu and if solicitation 
occurred. iL was loo fast to be identified. However, it 
is likely dull individuals which engaged in "bumil 
contact*' where nectar flow was observed, were 
frequently engaging in irophallaxis. lYopliullaxis 
allows females to Iced without leaving the nest. The 
presence of irophallaxis in F. tmlnimiu ihea-loic 
allows behavioural specialisation where only some 
ol die females have to loragc and other females can 
perform other duties in the nest. 

Kwnnmi friik'ttUttu exhibits a similar repertoire of 
behaviours n> other allmJapifies (Maeia cl ul. 1992. 
Balt a v.t u/.. 1993; Melna & Schwarz 1903) 
Behaviours recorded in this study, including adult 
adult interactions and adull-biood interactions, are 


1 in i.i, N. .1, i1994) I'.iis<x*lality in a heat I Hand population 
«»l mi Anstiahwi Allodapine bee, L.uwtwv bh’tfbr Smith 
lApidae. Xylucupinac). BSc (lions) thesis, Hintlcis 
University ol South Austmlij tuirpubj. 

Hiasi, P S 11993) Reproductive Hierarchies m 
an Ans(rulinn Allodapine bee. I.xiHhui'u fUioim 
Smith (Aiulnxphnriitae. Xylovopmuc), BSc (lions) 
thesis I .aTroliy University (Ultpuh). 


all similar to those found lor other species, suggesting 
that such behaviours are likely to he ancestral and 
that development of novel behavioural elements is 
not necessary lor social organisation to evolve from 
small family groups to large groups with motphological 
differentiation among colony members. 

However, unlike other allodapitms, / nu/entaru 
exhibits frequent and oven agonistic behaviours 
among nest mates Such agonistic behaviour has 
often hern associated with more primitively social 
species. According to Wilson’s (1971) criteria. 1 
irultimata can he classed as highly unsocial because 
there is female morphological dimorphism associated 
with reproductive division of labour I here foie. I 
fruit utaut doesn't eonlorm to Wilson's (1971 ) suggestion 
that aggression within a colony can he replaced hy 
"gentle despotism" as sociality involves larger group 
size and requires a greater degree of integration. 
Most other highly unsocial specie# display distinct 
morphs Which are directly associated with discrete 
behavioural castes, involving minimal or no aggression 
Considering, the presence of aggressive interactions 
within /.. lriiU'niuhi colonies, it would seem that 
increased colony size and the development o! moi 
pbologieal dillerenliation among colony members 
need not he accompanied hv decreased levels M 
overt Ultra colony aggression 
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